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Available online 24 January 2014AbstractBackground: Prolonged sitting is a risk factor for low-back pain. The primary purpose of this study is to determine if prolonged active sitting will
result in increased trunk motion.
Methods: Fifteen healthy female participants volunteered to sit for 30 min on each of three surfaces including an air-cushion, a stability ball, and
a hard surface. Trunk motion was monitored using a Vicon motion capture system, and foot center of pressure was collected with two AMTI
force plates.
Results: Our findings indicated that the average speed of the trunk center of mass significantly increased with seating surface compliance. There
were significant differences in right and left foot centers of pressure in the antero-posterior direction between the ball and air-cushion conditions
and the ball and chair conditions.
Conclusion: Active sitting results in increased trunk motion and could have a positive effect on low-back health.
Copyright  2014, Shanghai University of Sport. Production and hosting by Elsevier B.V.
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Presently, there is a high incidence of low-back pain, which
is a major health care concern. In the United States alone, the
total costs for low-back pain surpass US$100 billion per year.1
Indirect costs due to lost wages and decreased job-related
productivity account for two-thirds of these costs.2 Pro-
longed sitting is a well-known risk factor for low-back pain.1
A possible reason is that it could result in extended static
loading of spinal tissues.3,4 Continuous static compression on
the intervertebral disks was surmised to alter water and pro-
teoglycan contents as well as bring alterations in the structure
of the motion segments and the annulus fibrosus architecture.5
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increased pressure on the discs.6 Thus, dynamic sitting (e.g.,
active sitting) is suggested for individuals sitting for extended
periods of time.3
Active sitting is classified as the use of an unstable seating
surface which requires the user to engage in more trunk
movement to maintain an upright sitting posture. This type of
sitting can be performed on an extremely compliant surface,
such as a stability ball, or a moderately compliant air-cushion
placed on the seat of a chair. In general, the following benefits
garnered from active sitting have been suggested: increased
burning of fat tissue, reduced pressure on the vertebrae,
encouraged contraction of core muscles, increased control and
awareness of body position, and better spinal positioning
during sitting.3,4,7e11 Some of the mentioned benefits have
been biomechanically examined. For example, a recent study
showed that sitting on unstable surfaces (stability ball or air-
cushion) leads to a greater caloric expenditure.11 It was also
reported that sitting on an unstable surface results in greaterng by Elsevier B.V. Open access under CC BY-NC-ND license.
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cial core muscles (lumbar multifidus, internal oblique, ilio-
costalis lumborum pars thoracis, external oblique, rectus
abdominus, and erector spinae) were found to be similar be-
tween sittings on stable and unstable surfaces.6,11 It was
speculated that profound core muscles may be more active
during active sitting.6 To date, biomechanical analyses of
active sitting were constrained to data obtained from 5 to
10 min sitting tests.6,11 As prolonged sitting was thought to
inflict low-back conditions,2 it is important to examine the
trunk biomechanics during active sitting over a longer time
period (e.g., 30 min or more).
Furthermore, the effect of active sitting on the pattern of
foot center of pressure has been overlooked in the past.
Although it was reported that sitting on an unstable surface
results in increased spinal motion,6 it is not clear whether core
muscles are exclusively used to modulate the trunk position. In
a recent study, some leg muscles such as hip adductors, soleus,
and tibialis anterior were found to increase their activity levels
as the level of sitting compliance increases.11 Thus, it may be
possible that lower-extremities may partially contribute to the
adjustment of the trunk posture during active sitting. However,
it has yet to be determined whether lower extremities play a
role in maintaining trunk posture during active sitting. In
particular, the patterns of the foot center of pressure need to be
examined.
The primary purpose of this study was to determine if
increased seating surface compliance would result in
increased trunk motion during prolonged sitting. As the
seating surface becomes unstable, there could be an increase
of the trunk motion. We hypothesized that the stability ball
and air-cushion conditions would significantly increase trunk
motion signified by increased trunk range of motion
(T_ANG), trunk angular speed (T_AVEL), and trunk center
of mass speed (T_COM), compared to the stable chair con-
dition. The secondary purpose of this study was to examine
whether lower-extremities are involved in active sitting. As
seating surface compliance increases, it may be possible to
have some contribution from the lower-legs to the adjustment
of the trunk posture. Thus, we hypothesized that the unstable
seating surfaces may lead to increases of foot center of
pressure speed during sitting.
2. Methods2.1. SubjectsFifteen healthy females (age ¼ 25.8  10.3 years;
height ¼ 164.1  7.1 cm; mass ¼ 64.5  12.8 kg) who sit for
an average of 8 h per day volunteered for this study. Par-
ticipants had a body mass index below 30 kg/m2
(23.8  3.7 kg/m2), no known neuromuscular conditions,
no history of low-back pain, and were able to sit for three
30-min sessions while maintaining upright posture. Each
participant completed an informed consent document
approved by the Ball State University Institutional Review
Board.2.2. Experimental protocolParticipants completed three different sitting tasks in a
randomized order. The sitting tasks included sitting on an
Automatic Abs air-cushion (Licensing Services International
Inc., Philadelphia, PA, USA), a stability ball (Cando;
Fabrication Enterprises Inc., White Plains, NY, USA), or an
immobile surface (chair) for a duration of 30 min each while
kinematic and ground reaction force data were collected. A
5-min break was offered between each sitting condition. The
immobile surface condition required participants to sit on a
wooden box 40 cm in height without a backrest. In the air-
cushion condition, the participants sat on the same wooden
box with an Automatic Abs air-cushion placed on top. The
Automatic Abs air-cushion was an air-filled cushion 30.5 cm
in diameter and 5 cm thick. During the stability ball condition,
the participant sat on a stability ball 177 cm in circumference.
The sitting posture was standardized for all participants.
For each condition, participants were instructed to place each
foot on a separate force plate. Participants remained seated
with an upright trunk, their hands resting on their thighs, and
their knees flexed at 90 during data collection. For the
duration of each trial, the participants viewed a 52-inch flat
screen television 20 feet away which displayed a television
show at approximately eye level. All participants wore
compression shirts and shorts and were barefoot during
testing.2.3. Data collectionAnthropometric measurements were taken of each partici-
pant, including height, weight, leg length, anterior superior
iliac spine and posterior superior iliac spine distances, ankle,
knee and wrist width, shoulder offset, and hand thickness.
Thirty-two retro-reflective markers (diameter ¼ 14 mm) were
placed on the participant using a modified Plug-in-Gait model
with additional makers placed over the fifth metatarsal head,
the sacrum, and the superior rim of the side of the iliac crest.
Past research had examined and verified the validity of the
Plug-in-Gait protocol in a gait laboratory setting.12,13 To
ensure reliability of the experiment, an experienced researcher
(KW) was designated to perform subject measurements and
marker placements for all the participants. Posture was
monitored by 12 Vicon MX-40 infrared cameras sampling at
60 Hz (Vicon; Oxford Metrics, Oxford, UK). The Vicon sys-
tem tracked the position of the reflective markers in space for
the duration of each trial. Ground reaction forces at the feet
were collected using two AMTI OR6-7 force plates
(Advanced Mechanical Technology Inc., Watertown, MA,
USA) sampling at 600 Hz by placing one foot on each force
plate. Data were processed using Vicon Nexus v.1.7 and the
biomechanical variables were calculated using Visual 3D v.4.9
(C-motion Inc., Germantown, MD, USA).
Trunk angle, trunk center of mass, and center of pressure
were measured for each sitting trial. Trunk angle was defined
as the angle between the pelvis and the trunk around the
medio-lateral (ML), antero-posterior (AP) axis, and the
Active sitting and trunk motion 335longitudinal axis. Trunk center of mass was defined as the
location of the center of mass of the trunk in space. Right and
left center of pressure (COP) was the location of the COP of
each foot on the surface of the force plates. The dependent
variables included the average T_ANG, T_AVEL, T_COM,
and average speeds of right and left foot COP. T_ANG was
calculated by determining the average differences between the
minimum trunk angle and maximum trunk angle during trials.
T_AVEL was calculated by dividing the sum of the changes in
trunk angle during the trial by the total trial time. Similarly,
T_COM and COP speeds were calculated by dividing trunk
center of mass and foot COP trajectories by the trial time.Fig. 2. Average trunk angular speed (T_AVEL) around the antero-posterior
(AP), medio-lateral (ML), and longitudinal axes for the three sitting condi-
tions: air-cushion, stability ball, and chair. *p < 0.05, #p < 0.05, compared2.4. Statistical analysis
with air-cushion and chair, respectively.SPSS statistical analysis software v.19.0 (SPSS Inc., Chi-
cago, IL, USA) was used to analyze the data, with the aim of
comparing the T_ANG, T_AVEL, T_COM, and right and left
foot COP speeds between the three sitting surfaces. A one-way
repeated measures MANOVA was used to determine differ-
ences in the dependent variables between the three sitting
conditions. For significant main effects, post hoc pairwise
comparisons were performed using a Bonferroni correction to
locate the differences between conditions. A critical a prob-
ability level of 0.05 was used for all analyses.3. Results3.1. Trunk motionNo significant main effects were found for the T_ANG
around the ML axis ( p ¼ 0.331), AP axis ( p ¼ 0.513), or
longitudinal axis ( p ¼ 0.108) (Fig. 1). No significant main
effects were found for the T_AVEL around the ML axis
( p ¼ 0.053) (Fig. 2) and T_COM in the AP direction
( p ¼ 0.121) (Fig. 3). Significant main effects for T_AVEL
around the AP axis ( p ¼ 0.037) and the longitudinal axis
( p ¼ 0.040) were found (Fig. 2). In addition, T_COM in the
ML ( p < 0.001) and longitudinal directions ( p < 0.001) were
also significant (Fig. 3).Fig. 1. Average trunk range of motion (T_ANG) around the antero-posterior
(AP), medio-lateral (ML), and longitudinal axes for the three sitting condi-
tions: air-cushion, stability ball, and chair.Post hoc pairwise comparisons revealed differences in
T_AVEL and T_COM between sitting surfaces. The ball
condition demonstrated greater T_AVEL around the AP axis
than the chair condition ( p ¼ 0.005). In addition, the ball
condition demonstrated greater T_AVEL around the longitu-
dinal axis compared to the air-cushion ( p ¼ 0.050) and the
chair conditions ( p ¼ 0.037). Furthermore, the ball condition
had greater T_COM in the ML direction compared to the air-
cushion ( p ¼ 0.001) and the chair ( p ¼ 0.001) conditions. In
the longitudinal direction, the ball condition had greater
T_COM compared to the air-cushion ( p ¼ 0.004) and the
chair ( p ¼ 0.007) conditions. The air cushion also demon-
strated greater T_COM in the ML direction than the chair
condition ( p ¼ 0.008).3.2. Foot COPTable 1 shows the means  SD of the COP speeds for the
three sitting conditions. No significant main effects were
found for the average speeds of foot COP in the ML direction
for the right ( p ¼ 0.458) and left ( p ¼ 0.489) feet. However,
significant main effects were found in the AP direction for
both the left ( p ¼ 0.006) and right ( p ¼ 0.004) feet. Pairwise
comparisons revealed differences in the right foot COP speedFig. 3. Average speed of the trunk center of mass (T_COM) in the antero-
posterior (AP), medio-lateral (ML), and longitudinal directions for the three
sitting conditions: air-cushion, stability ball, and chair. #p < 0.05: stability ball
vs. chair; *p < 0.05, stability ball vs. air-cushion; yp < 0.05, air-cushion vs.
chair.
Table 1
Speed of center of pressure (COP) in the antero-posterior (AP) and the medio-
lateral (ML) directions for the left (L) and right (R) feet for the three sitting
conditions: air-cushion, stability ball, and chair (mean  SD).
Direction-foot Average center of pressure speed (mm/s)
Air-cushion Stability ball Chair
AP-L 17.81  4.81 25.69  8.13*,# 18.29  4.93
AP-R 16.32  4.15 23.46  7.53*,# 16.44  4.11
ML-L 17.10  4.72 28.34  40.68 20.87  8.93
ML-R 16.03  3.62 21.70  15.74 19.35  7.54
*p < 0.05, #p < 0.05, compared with air-cushion and chair, respectively.
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tions ( p ¼ 0.016) and between the ball and chair conditions
( p ¼ 0.015), respectively. Similarly, there were significant
differences in the left foot COP speed in the AP direction
between the ball and air-cushion conditions ( p ¼ 0.019) and
between the ball and chair conditions ( p ¼ 0.028),
respectively.4. Discussion
The purpose of this study was to determine if active sitting
would result in increased trunk motion and alterations of foot
COP. Three sitting surfaces were introduced in this study:
stability ball, air-cushion, and a hard surface (chair). Subjects
performed a 30-min sitting on each of the sitting surfaces.
Trunk motion and foot COP data were collected and analyzed.
Our findings indicate that the average T_COM and T_AVEL
significantly increased with increased seating surface
compliance. In addition, there were differences in the average
speeds of the right and left foot COP in the AP direction be-
tween the ball and air cushion conditions and the ball and chair
conditions.
We had hypothesized that average T_COMs and T_AVELs
would be influenced by sitting compliance. This hypothesis
was supported. We found there were greater average T_COMs
in the AP and longitudinal directions of spinal motion as
surface compliance increased. There was also increased
T_AVEL associated with the ball condition around the AP and
longitudinal axes. This finding is in agreement with previous
research,6 which reported that sitting on unstable surfaces
induces greater spinal motion. It was reported that hypo-
mobility of spine due to a lack of mechanical stimulus yields
adaptive changes that are related to reduced nutrient trans-
port.5 There is a strong correlation between reduced or dis-
rupted disc nutrition and occurrence of disc degeneration.14
Thus, increasing T_COM through active sitting may help
prevent spinal hypomodiblity and improve spine health. It is
worth noting that the air-cushion condition resulted in greater
trunk motion in the ML direction than the chair condition. It is
possible that the subtle trunk motion in the ML direction
during active sitting using an air-cushion could introduce dy-
namic mechanic-stimulus to lateral aspects of vertebrates. The
potential risk of prolonged asymmetric intervertebral disc
compression could be offset and the risk of disc herniation
could be lowered.We had hypothesized that sitting on a stability ball or an
air-cushion would increase trunk T_ANG range of motion.
This hypothesis was not supported. There were no significant
differences in T_ANG among the three sitting conditions. As
the subjects were required to focus on a TV screen during the
testing, it was essential to maintain a stable upper body during
sitting so that the video viewing task would not be interfered.
In this study, subjects were able to maintain an upright trunk
position without experiencing increased range of motion when
sitting on unstable surfaces. In order to reduce deviations of
the trunk from an upright position, core muscles may be used
to regulate the trunk posture. In light of the findings that
T_AVELs increase as the sitting compliance increases, it is
likely that active sitting could be accompanied with increased
core muscle activities.
We had further hypothesized that there would be changes in
foot COP speeds as seating surface compliance increases. This
hypothesis was supported. Our study indicated there were
differences in the average speeds of the right and left foot COP
in the AP direction between the ball and air-cushion condi-
tions and the ball and chair conditions. However, there were no
differences in the AP direction between the air-cushion and the
chair conditions. This data suggest that sitting on a stability
ball causes more weight shifting in the lower extremities
compared to sitting on an air-cushion or a chair. It is likely that
lower-extremities could play a role in regulating trunk posture
along with core muscles when seating surface compliance
increases. Interestingly, active sitting on an air-cushion did not
elicit a significant increase of foot COP speed. It is possible
that the trunk posture might be regulated mainly by core
muscles along with less or insignificant contributions from
lower-extremities when active sitting is performed on an air-
cushion.
Active sitting was found to increase caloric expenditure and
could be a low-intensity aerobic exercise suitable in an office
environment.11 In this study, we further found that active
sitting promotes subtle trunk motion, which may have poten-
tial benefits to enhance spine health. Those individuals looking
to improve low-back condition due to prolonged sitting should
consider using an unstable seating surface such as an air-
cushion or a stability ball. In fact, There were case studies
demonstrated that active sitting (using a stability ball) helped
patients with low-back pain improve spinal stability and
reduce recurrence of back pain.15 Though both surfaces had
more significant trunk motion than the chair, the stability ball
had the greatest effect on trunk motion. However, the air-
cushion may be a more suitable seating surface for the work
setting. The cushion is small and easily concealed, making it a
better option in terms of maintaining professionalism in an
office type setting. The cushion is also a more feasible option
for jobs such as heavy machinery operation, where a stability
ball could not be used.
Some limitations are associated with this study. First, we
only recruited female subjects to examine the effect of active
sitting. The gender effect on trunk motion was not tested.
Thus, the outcomes of the study can only be applied to female
populations. Second, we used the same standard stability ball
Active sitting and trunk motion 337and sitting box for all the participants tested. The reason was
that all participants recruited in this study were able to
comfortably sit on the stability ball or the wooden box during
the testing. In fact, we had measured participant’ knee and hip
angles to ensure they were around 90 and the trunk was erect
before the testing.
Future studies may seek to extend the duration of the sitting
trials to examine the fatigue effect on trunk motion during
active sitting. Examining activations of profound core muscles
via indwelling electromyography during active sitting is also
necessary to determine which core muscles are used to adjust
trunk posture. Other aspects that may be considered include:
whether sitting on an air-cushion or ball will provide relief or
exacerbate symptoms in individuals currently experiencing
low-back pain; the minimum duration and frequency of time
an individual should spend sitting on an unstable surface to
offset the risk of low-back pain; and repeating the study with
male participants to see if results are similar for both sexes.
5. Conclusion
Increasing sitting compliance leads to increased trunk
motion. The subtle trunk motion presented during active
sitting on air-cushion could play a role in reducing low-back
conditions. Individuals with occupations requiring prolonged
sitting should consider active sitting as a means for main-
taining and promoting low-back health.
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